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Intxoduoti.on 

SeopXaaes have bee^ "built for the last twelve to foiirteen 
years and enormous experience has been ggdned. The present 
report is the first systematic digest of the important tech- 
nical data available on this subject. 

In the earlier days of seaplane development, floats and 
hulls were exclusively built by machine and aircraft coiistruc'- 
tors. Their seaplanes had a low decree of seaworthiness. Con- 
ditions rapidly changed in all countries, as soon as the matter 
Was taken up by expert naval engineers. This iia^ortant fact 
should be ta^en into consideration when working out programs 

held only at universities having a shipbuilding department. 

Iljllljl^ljllllllll^ 
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JTme^lcal I»ist of Seaplanes in 19SS, not Including 

Training Aji^jplanes 
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Theafe are two methods for a govermnent to develop good sea- 
planes; tn the f irst instance, iDy placing an order or oallihg 
for bids, thereby leaving it to the designer to develop his own 
ideas t The resmat is the orea^^^ a great variety of types • 

In this case, hoifrever, efforts aie Boot directed toward a syste--. 
matic development* Consequently, many inadequate types are oh-- 

for^ hut the designer is limited by strict specif ication. In 
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opment,"* Hext comes England. F3f$iice stands for the other sys- 
tem, Italy, Russia, aad Japan keep soaiewhere between the t#d. 
Oiitng to treaty restrictions, Germany has unfortunately adopted 
free development. The danger of this system is but slightly 
reduced by thf systematic working methods of German Industry* 
The objections to the system of limited development are 
^ij^^gLidated ^^^^ decided siiccess of the United States. The 
ertio60^^^^^ of this system actually depends on a single condition,^ 
iiam^ly, that the nation adopting it should not have reached its 
ciiiwihating point of development* If this is the case, no last- 
ing superiority is likely to be insured by either free or lim- 
ited development. 

Characteristics and Graphic Representation of Water Resistance 

With increasing speed, the water resistance or drag of a 
normal seaplane first reaches a maximum value and then falls to 
zero at take-off speed. The resistance decreases when the hull 

water: foiiiliiiiil^^^^^^^^^ 

lilBiBIIB^IiliililllllM 

of the Society of Automotive Engineers, " 

■liillliiM^^ 
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plane. At 40^ of the take-off speed, the wings support only 
16% of the weight. Water resistance can be represented as de- 
pendent on the total weight and on the load supported by the v 
water (Fig. 2), A factor of comparison can readily be obtained 
by expressing the resistance (Fig. 1) in per cent of the totitl 
weight. The factor lies usually between 20 and, 30^. The resis- 
tance curve changes inuiiediately, if the seaplane is more heavily 
loaded for the same take-^off speed, The same result is obtained 
by changing the take-off speed or both the load and the take- 
off speed simultaneously, which is ususally the case. The mag- 
nitude of the variation is shown in flgs^ 3-5. The numbers 
refer to a pair of twin floats. Conditions are similar for fly- 
ing boats. 

The proojedures ouiJlined ai>oTe axe not suffioient for com- 
paring two paixs of floats or two flying boats. In this con- 
nection, G. Madelung has made a useful suggestion. In Fig. 6, 
the speeds are plotted as abscissas. The oblique lines a, b, 
c, and d give the weight resting on the water for different 
speeds. The water resistance is plotted on these lines as a 
fraction of the total weight at rest. Points of equal resistance 
are then connected and the system of light lines is thus obtained.. 
3y means of these lines the water-resistance curve, plotted in 
Fig. 1, can be read for any load and for any take-off speed, 
after drawing the corresponding straight line. 

Characteristics can be easily computed from the lines of 
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such a diagram. An appropriate choice of the initial displaoe- 

ipililiiilii^ 

eon cgja be made, if the datum for two different lines is chosen 
axbltxarily. Aa entirely nondimensional, representation cm "b© 

is 'Very difficult to find a universally applicable dimension, 
which will not disturb the comparison. For either single-float 
or twin-float seaplanes the water-resistance datum is glyen by 
the total float capaoity. As far as seaworthiness is concerned, 
the eapaGlty is usually l,8-3.2 times the displaeement at rest. 
The Water resistance of twin-floats of 2 tons total capacity is 
shown in Fig. 7, The shape of the float is shown in Fig. 8, 

Without chaining its submerged portion, a flying boat may- 
be provided with a cabin hull or with a military hull* The to- 
tal capacity of the hull is thus considerably changed. Also 
the sosne hull is often loaded to a different height. In this 
case the determination of the datum line is rather difficult 
jind requires careful consideration. 



N,A*C.A» TGchnicol Memorandum Nq* 426 



Comparison of Model Tojak Test with AGtual Performanoe 



Actual hull 



Model 



propeller thrust overcomes 
both Water- and air- 
resistance, accelerates 
seaplane and develops a 
nose-heavy moment* 



(1) 



Water resistance depends 
largely on flow under 
hull> which changes 
slowly with increasing 
speed. 



(2) 



Part of water resistance is 
due to friction subject to 
the Reynolds law. 



Controls aje ineffective at 
low speeds, but work sat- 
isfactorily at high 
speeds. 



(3) 



(4) 



Variation of lift is effected 
by altering the trim* 



(5) 



Both thrust and water re sis- 
t since act on model according 
to height of propeller. Ac- 
celeration thrust lacking* 
Consequently very slight 
change of trim and resist 
tanoe. Yariation within 
measurement acqtwraoy* 



There is no acceleration. 
When there is acceleration;^ 
the hull always travels 
with a flow diagram corre- 
sponding to a lower speed. ; 
Variation of water resis- 
tance is within range of 
measurement acciiracyr 



Owing to friction, water re- 
sistajice measurements of 
model are too high and 
must be corrected. 



At low speeds the model is 
tested untrimmed and at an 
arbitrarily chosen angle. 
. If thi.s angle proves un- 
favorable at higher speeds, 
it is then given a prede-- 
termined value. 



lot taken into consideration, 
since it is difficult to 
realize and has no effect 
on result. 



Laws of SisiiXajrity and Theory ot '^^^^:^$e0MX>i^^^ 
Water resistance Is detisartnined by model tests in a navaj. 

full-sized hulls and floats is "based on the Froude law of simi- 
larity.* The requirements of this law are given in Table II.. 
Owing to greater friction, the model produces more spray than 
the actual hull, but conditions are not very different. As a 
whole , the results obtained in model tank tests form a satisfac- ■ 
tory basis for the development of seaplane designs. No other 
method is available at present nor likely to be found within the 
very near future. Formerly models were tested for different take- 
off speeds £ind loads and the corresponding resistance curves were 
plotted, as shown in: Fig. 3. Kow the resistsmce is measured in 
function of the speed for three or four loads resting on the wa- 
ter, and Madelung's diagram is plotted accordingly. Owing to 
the detrimental effect of friction,** the model must be rather 
large. Therefore, preference is given in Germany to the Hamburg 
naval tank*** (the largest in the world), instead of the Prussioja 

hydraulic ojid naval tank. The contpajative tests made by 

*WebGr, M. , Fundamental principles of mechanics of similarity 
and their application to model tests, "Yearbook 
of the Shipbuilding Society," 1919, p. 355. 

isiiiii||i|i:iiiir:i^^^ 

and Resistance of short surfaces. "Wharf, Shipping, 
Kloess, H., Harbor," August 7, 1935, p. 435. 

Kempf, G. , Surface resistance, "Wharf, Shipping, Harbor," 

***Popp, M, , Measuring instruments and methods of the Hamburg 

shipbuilding water tank. "Wharf, Shipping, Harbor," 
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Baker* in England in 1918, are not sufficiently accurate. 



The Froude Model Law 
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Process and Calculation of Take-Off 

When the pilot turns on full throttle, the seaplane re- 
ceives aa aocelexation from the propeller thrust. First thexe 
ia oiily water resistance to tie overoome. this increases to a 
maximum value which lies approximately around 35 to 4 5/o of the 
take-off speed and 20 to ZQ$, of the tcital weight (Fig. !)• Then 
It decreases again and becomes zero when the seaplane clears the 
Water, The speed at which resistance is maximm is termed the 
"critical speed." At this speed the air resistance, iiftiich in- 
creases as the square of the speed, is approximately 16^ of its 
value at the take-off speed. For older boats this equals 20$, 
or 1/5, and for modern boats, 10 to 12.5^, or l/lO to l/8 of the 
total weight. Thus the air resistance of older boats at the 
critical speed is 3.2^ and of modern boats, 1,6 to 2^ of the 
total weight. Consequently, the water resistance of modern boats 
is approximately ten times the air resistance. The seaplane 
takes off when the propeller thrust exceeds the combined water 
and air resistance, 

A result of the elevated position of the propeller, with 
reference to the center of gravity and especially to the water- 

BBlBHIIHIIBIIIIilHIilB 

shapes produce suction effects, due to the increased relative 
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back. When the critlciO. speed is xeaohed, the se^lane automat- 

the.swface -mbil ^the tafce-ol-f,, ap#ed- i8.-.^#,ac!ii^d*, -water re- 
sistance decreases simultaneously, ptc^ided the h\ill is of a 
satisfactory design. The stern then lies in a partly hollow wa- 
ter zo?ie disturbed by the bottow of the float and with tw© dl* 
vergent and successive waves, the entire load being supported by 
the step. In smooth water a local stress of 0.35 kg/cnP (4,98 
lb./sq,in, ) was meas\xred on an English F.3 (Fig. 33), take-off 
speed 85 to 90 km/h (53.8 to 55.9 mi./hr. ).• Waves of 75 cm 
(29.5 in.) height produced at the bow a local iinpact of 0.44 kg/ 
cms (6.26 Ib./sq.in,),' 

At 40^ of the take-off speed, i.e., at the mean critical 
speed, 16fo of the total weight is supported by the wings. Yet 
the boat rises on the step under the action of the water and 
glides on the stirface. Then the weight is gradually assumed by 
the wings and the hull is completely unloaded at the take-off 
speed. The formation of waves decreases also with the speed 
and disappears at the take-off. It is remarkable that flying 
boats acquire lateral stability as soon as they rise on the step, 
owing to the dynamic effect of the water forces.** The rudder 

iiiiiiiiiliifc^ 

Engine power, 2 x 348 HP. 

Wing loading, 42.4 kg/ms ( 8.68 lb. /sq.ft.) 

iiiiiiiiiiiiiiiliilii^lli^^^^^^^^ 

and Af P, Orlgg - Experiments with models of seaplane floats 

for Aeronautics MM No. 188. Dec. 1915. 
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■becomes effective shortly before the seaplane takes off, where-. 
as the elevator takes effect much earlier under the influence 
of the propeller slip stream, 

Normally a seaplane taJfces off and alights againet the wind 
and waves. Very seldom, and only when there are Wftves without 
wind, small seaplajies start in troughs parallel to tiie waves, 
thus avoiding their blows. When the seaplane alightSj the con-i- 
ditions are reversed. The seaplane glides on t he » surface, of 
the water until its speed deGreases to the critical speed. Then 
the hull submerges and the seaplane soon comes to rest. The 
mass multiplied by the retardation is always equal to the com^ 
bined water and aix resistance. 

In Fig. 9, the water resistance is seen inGreasing to a 
maximiam value and then decreasing again. Above is plotted the 
propeller thrust, from which the air resistance has already 
been deduced. The take-off time will now be determined. Graph- 
ical means are used, since the water resistance can hardly be 
calculated by analytical methods. An isosceles triangle is 
!d0$0mf the speed of 9,81 m/s (32,2 ft. /sec. ) being its base ap.d 
G/2 its height. This means that G/2 is accelerated to 9,81/ 
3m/s in one second by the force of acceleration. 

b M accieleratioii, 

0 « total weight, 

;|> = force of acceleration =» thrust minus resistance, 
g 5s 8X3©@i6^tftti0n due to gravity. 
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is maintained. The take-off time expressed in seconds is twice 

of the mean speeds for each second.* Systematic calculations 
of new designs can easily be made by this method and Madelung's 
diag^fam of wa"ter resistance, and a good general view of the 
subject thus be obtained. 

Summary of Information Obtained 

Figs. 9-12 afford a comprehensive view of the advantages 
and disadvantages of different wing loadings and low speeds on 
smooth water. The chosen example is based on three different 
take-off speeds, namely, 70, 85, and 100 km/h (43.5, 52.8, 
and 62 mi./hr. ). Moreover, the total weight is increased by 10, 
20, and 30^. The water resistance is contputed from Fig. 6. 
Propeller thrust and air resistance remain unchanged. 

The result of the take-off-time calculation is shown in 

Fig. 13. It appears that low take-off speeds result. in shorter 

|| |||||j|f||i|iij ■ V: \ --M 

:il!!IHliiiiiiiip^^^^ 

liiiiiiiyiiili^iiii 




to the great axivantages resulting from hi^h wing loading, its 
considerable induced drag should be taken into consideration 
and the span increased accordingly. Otherwise, the curve plot- 
ted in Fig. 1, parallel to the water-resistance curve, covers a 
larger speed field and produces a longer period of low excess 
of acceleration. This is often the case with monoplanes and bi- 
planes without slotted wings. To be more accurate, the varia- 
tion of the induced drag produced by the surface of the water 
should be taken into consideration, substantial differences 
beiJig: found in some cases.* 

Water resistance is considerably increased by waves. The 
take-off speed with reference to the water is, however, consid- 
e3?a,bly re^luc^d by a head wind, Eacperience shows that the take- 
||||i|"j:im^ 

IIBIIilliiiliilit 
Ill^JljJJjl^liliiiiiii^ 
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wind may prevent the best seaplane from talcing off with full 
loacL. Furthermore, it was found that floats, as shown in Fig» 
8, could not he used for alighting in seaway 4 at speeds exceed- 
ing 70 km/h (43.5 mi./hr.). At higher speeds, they are crushed 
in by the waves. A wider speed range, apparently up to 85 Im/h 
(53.8 mi./hr.), is enabled by the floats shown in Fig* 54c (which 
are used in America and England), 

f he huil of every suocessful seaplane is pjrovided wittt ?i 
step near the e.g. (Fig. 15). The water flow is thus interrupt- 
ed and no suction exerted on the rear portion of the hull. If 
no step is provided, a strong suction effect is created at the 
stern and there is no, or a very sniall, decrease of resist anoe 
abo»e the critical speed, consequently, the water resistance 
can be overcome by hulls without steps only when they are very 
lightly loaded. It is fax more difficult to overcome the high- 
wa,ter rApments acting on a stepless h\ill with ordinary horizon- 
tail tail planes^ In taking off, a stepless hull can be neither 
raised nor depressed. It has a considerably smaller hydroplan- 
ing angle than when there is a step. The step represents addi- 
tional a.iT resistance, increased weight and, just in the middle 
of the hull, a sudden change of section, which on many occasions 

|::|JIi|i|||||i5 
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, taxylng on the water after having exceeded the critical speed. 
Only a very small part of the step is submerged, but carries 
nevertheless up to 8536 of the total weight of the seaplane. 
this case, it is assumed that the hydrodynamic-lift resxiltant 
passes throiagh the eg. An additional water resistance is thus 
created with a value of approximately l/5 of the total weight. 
This resistance acts at a certain distance from the line of 
thrust of the propeller and develops a. nose*.heavy moment which 
must be counteracted lay the elevator. A downward force is thus 
produced. and the seaplane hecomes ejspaxently heavier, the re- 
sistance and talce--off time being increased correspondiii^ly. 

In Fig. 16 the step is located far behind the e.g., and 
the lift resultant passes aft of the e.g. There are two moments 
which maJfce the seaplane nose-heavy: one by water resistance and 
propeller thrust, and the other by gravity and lift. Difficul- 
ties are often encountered in taking off, when the bottom of the 
hull is not efficient enoTigb. In such cases the requisite down- 
ward pressure on the elevator may reach 10 to 15^ of the total 
weight. The water resistance is thus considerably increased by 

llllilillllj 

taiice due to the full throw o| the elevator In the propeller slip 
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be defleqted enough fuxther to insure good maneuverability. 

A Jiull with a too ef fiolent bottom is easily thrust out of 
the water before the ta3ce~off speed is reached* Since sufficient 
lift is not reaohed at that moment, the seaplane falls heavily 
back on the water. The seaplane may also happen to be stalled 
just when, owing to the position of the step, the elevator is 
already fully defleoted an<i a serious accident, such as jside- 
slipping, may then result. By such leaps considerable stresses 
are exerted on the hiall. The speed at which they begin can be 
determined by tajak tests. For well-designed seaplanes, they do 
not occur before 90% of the take-off speed is reached. English 
flying boats jumped even at 5Qfo of the take-off speed. The 
English Felixstowe "Fury" (Fig. 35) with fHire 850 HP. Rolls-. 
Royce engines, was completely destroyed by such leaps. In this 
case, tank tests should have been made before the construction 
of the seaplane and not after the crash. This tendency can of- 
ten be avoided by a slight displacement of the e.g. or by an 
additional moment sometimes forward and sometimes backwajd. If 
no improvement is thus obtained, the efficiency of the bottom 
must be reduced by lowering the step or shifting it forward, or 
else by reducing its width. Shifting the step under or in front 
of the e.g. means a reduction of the efficient part of the bot- 
tom and an increase of water resistance and spray, thus necessi- 
tating increased engine power. 

Under normal conditions a tail-heavy moment is developed by 



ate bow (which usually reduces the resistance) the step must 
W ^^tedi t in gehe3?^aL> the sharper. 1;h^■■:^^1^~bott.o^^i^f^ 

Sliialler the tail-heavy moment . 

Formerly, air vents were often a^raji^ed behind the step to 
facilitate the separation of the water behind the step. On cer- 
tain bulls (usually not very well designed) an extremely small, 
scarcely measurable reduction -of ■ resist iance was effected. It 
is so small, however , that this means was finally iUandoned. 
The air vents, necessarily of light construction, were a constant 
source of leakage. 

The cross section of the hull or float behind the step must 
be such a€! to avoid close contact with the water and the pro- 
duction of suction effects. To this endr, the outer part of the 
step is frequently raised above the inner part, or the bulkhesil0' 

|l|||ii|ipliiii 



18 



:||pi|^|:|||||j||^ 

Izltig effect diiariiig the take-off* In this case, the hull xuns 

is "balanced on the main step hy iit^aii^ of th^ feie^^ Head 
w^BB are mote easily overcome by pulling the elevator control 
back in advance. To produce the desired effect^ the ^ step 
must be some distance behind the first step. If it is too near 
the first step , no. satisfactory stabilizing effect is produced, 
because its wa;t;er resistance is too small, i^l tli^^^^^ 
aire subject to various valuations* therefore, there are still 
many contradiGtory opinions regarding the rear step. 

Oonditiohs are different with ^r to a third step, 

the positioh and the height bf the^^i^^^ 
be so designed as to insure a smooth separation of the flow. 

vided with a third step between the two others* This was never 

llllllll 

tion and arrange the lines correctly. Hulls or floats with more 
than two steps became obsolete five or six;:p||t|s ago. For the 
last six or eight years, twin floats have been built with only 
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The angle formed by the front and rear parts of the bottom 

quired angle of attack to produce great lift. This is equiva- 
lent to increasing the take-off speed. Besides, the pilot will 
encounter difficulties in overcoming head waves with a single- 
stepped hull,. Alighting is also rendered more difficult by the 
low position of the tail. In good designs, this angle is 10 to 
15 degrees. 

The cross section of the hull, as seen from the front, 
greatly affects its chaxacteristics. In this connection, a few 
fiducial lines have likewise been worked out. The shock of 
alighting on water is smallest when there is a sharp V-bottom, 
but the water resistance and the formation of spray are then 
the greatest. This point is less important for flying boats 
exceeding 10 metric tons in weight, since their take-off speed 
is small in comparison with their size. In this case, the re- 
serve power is large enough to overcome high water resistance. 
Consequently, for such boats, preference is given to a sharp V- 
bottom in order to reduce the impact on the water. The contrary 
method is applied to light flying boats, in order to insure op- 

BBIIllllilllllllB^^^^BIlBj^Blilll^ 

impact on the water is taken into the bargain. 

Every V-bottom produces spray. The sharper the V, , the 

Illllllllll^lljllJI^lJ^IJ^^ 
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the wings, the hull and the propeller. The spray is reduced iDy 
bending the upper part down, as is done on the Linton-Hope hulls 
(Figs, 34, 36, 40, 43, 50 and 65), by fitting a strip beneath 
the outer edge of the chine, thus reducing the depth of immer- 
si on, and by increasing the angle of attack of the hull and by 
giving a suitable shape to the bow. The cross section should be 
hollow and Y-shaped with a flat, wide ground plan and approxi- 
mately horizontal lateral and bottom surfaces to ride the water. 
The phines, or the more or less horizontal bottom surfaces, must 
be gradually raised toward the front. Little or no reduction 
of spray is produced by longitudinal beams beneath the bottom. 

The best shape of hulls and floats can be developed by tank 
tests or by building a sufficient number of models* The same 
results are obtained by both methods. The second method Is more 
expensive and considerably slower. Regardless of the danger in- 
volvedj this method was worked out during the wax at Felixstowe, 
England, by Colonel J. C. Porte, officer of the Bfitish naval 
air service, who had no engineering training. The resulting 
sacrifices of human life could have been avoided by tank tests. 
These experiments were subsequently described by Rennie in an 

apologetlo note,» 

*Rennie ^ J. D, - Some Notes on the Design, Construct ion and Op- 
eration of Flying Boats. "The Journal of the 
Royal Aeronautical Society," 1923, p, 133. 
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Owing to its great importance, a brief description* of, the. 
hulls tested and evolved at Felixstowe, follows; 

"The first experiments were taken in hand early in 1915, 
when no engines of high power were available, hence the chief 
difficulty met with was the problem of taking off with a reason- 
able load. Thus the early experiments were made with the object 
of developing hydroplaning effipiency; such questions as aafe 
laadingj seaworthiness, stability, etc* , were more or less neg- 
lected until more powerful engines became available. The first 
hull tested was a modified Ourtiss "Ataerica" flying boat (Fig* 
17): weight, light, 3100 lb,; fully loaded, 4500 lb.; horse- 
power, 160; length of hull, 30 ft.; single step, projecting 
fin forward, ending at step, which was under the e.g. Fore and 
aft angle between the underside of the tail and planing surface 
of the ship was 10 degrees. 

At high speeds all single-step hulls balance on the step, 
and trim depends upon the angle of the tail portion which, to 
avoid Water drag, should be held up during the acceleration pe- 
riod. The original tail plane was lifting, which wa,s excellent 
from this point of view, and as much load as could be flown with 
could be taken off the water. To improve the stability, in 
flight, especially trim engine on and off, the tail wgts mad6 
negative. In smooth water there did not seem to be any' appreci- 
able loss in hydroplaning efficiency, but in rough weather, ow- 

ilttlMiiillBlilijiiliBliiiilW^ 
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The next hiill (Fig. 19) was Biailar to Fig. 17, lm% 't^i.^ 
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possible to trim back to the sazfle angle as with Fig. If , 3p^« 
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The chief lesson to be learned from these hulls was, from 

speed, the tail portion should be flat-bottomed to reduce suc- 
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were tsLkett off. Landing was excepiMcmsilIy ©asy owix^ to the 
large fore and aft angle. The deeper "Vee" resulted in little 
or no sjiock, with either a normal or nearly stalled landing, 
owing to the step being so far aft of the eg*, the hvXl ran a* 
a small angle and a large moment was necessary to trim hack to 
take off. To relieve the pilot of this load, the step was 
shifted 3 ft. forward. 

The next hull was called the Porte I (Fig. 31), ajid was 
the prototype of all the "F" boats. An entirely different type 
of construction was used, Titoioh will be shown later.. The hull 
Was built at Felixstowe., and carried the same "Ourtiss" super- 
structure as before. Originally a single step, below the rear 
spar, was fitted; hull 3 ft. longer in the nose and tail than 
Fig. 19, being 36 ft, over-all; fore and aft angle 18 degrees, | 
tail portion 7 in. higher than on Fig. 30; fins were carried 
well aft of the step and swept back into the hull; "Tee" bottom,- 
as in Fig. 20; bows fuller with a distinct flai^e on the first 

IIIBIIIIIIW^^^ 
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the main and aft steps. This brought load capacity up to that 

l||:|:;t^ih^''-^:aa:li©^'' ,h;ullQ.* ' . f Iii;s;hij0^1, . in;'::ii|^iif 
[^^■:v'^io ': .any': 'hull. : -b'eslj^d; js^il^eirfe^iiyr o#iiif ^''fti^i^ 
of bows; cockpits were dry, landing shocks were reduced to a 

It was now decided to experiment with larger hulls, and to 
begin with, a large Ouxtiss "America" Was obtained (Fig. 23), 
paxtioulajs of which spfe as follows: Total weight, 8700 lb.; twin 
160 HP. Gujtiss engines; hull 40 ft. long, 11 ft. maximum beam; 
fore and aft angle, 7|- degrees. With this load there was not 
sufficient power to take off. 240 HP. Rolls-Royce engines wete 
then fitted. Load taken off with difficulty, principally due 
to the lack of buoyancy forward. A most marked hmsp speed, 
about 18 knots, ?;as noticed. At a later date, when more power- 
ful engines became available, these boats did some quite good 
work, but hulls were weak structurally. As the Porte I (Fig. 21) 
hull Was much superior to Fig, 22, it was decided to design and 
build a new hull on the same lines to take the "America" super- 

irUiigle, 30 degrees; bows 2 ft. longer than Fig. 23; two steps, 
much superior boat. Hump speed less mgprked, accelerated evenly 
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structural strength nrlthout Increase in weight. 

Porte Baby (Fig. 34).- The -building of this laxge experi- 
mental flying iDoat was carried out during the same period as 
the experimental modifications to the Curtiss "America" hulls 
wdre in hand, and while the experience gained from them was in- 
corporated, it was not possible to take advantage of the results 
from the Porte I. Experience with these hulls confirmed the re- 
sults obtained with the "America" hulls. Particulars: Weight, 
loaded, 16,500 lb,; hull, 56 ft, 10 in. long; beam at step, 
14 ft.; width of body, 7 ft.; fitted with three 250. Rolls- 
Royce engines; wing as tractors, and center a pusher. 

Trials showed the length of forebody was not sufficient to 
prevent wallowing in a following sea. Bows were lengthened 3 
ft** wi^ich enormously iinproved water pearformance. Air pipes 
fitted to the step were found to be unnecessary. 

Considering the low power and the use of stranded cables 
throughout, the air performance was quite good. Top speed, 68 
knots; climb up to 3000 ft,., about 150 ft. per minute. Time to 
unstick with full load, about 35 seconds. 

It Kiras decided not to proceed further with the development 
of the type, as the water performance was much inferior to the 
Porte II, and type of hull construction, T/^ak. 

Taking into consideration water performance and hull oon- 
fetruction, the most promising type to develop was obviously the 



Increased horsepower and improved detail and aerodyn^ic design 
iJlie^g l^yf es^^^^ 1^ inlio pr odtiiotion and u6#d ^^|^i^st#^ii^|^^^ 

fim the e3t|) er i enqe ga^^ these lat'e^* ty^^ 

deeided to construct a still larger boat. The P.SvB* , or F^^ 
Super Baby, officially known as the Felixstowe Fury, was the re- 
suit. Fig. 25 Bhows profile, plan^ and body sections in detail. 
It was originally designed for 24,000 lb. total weight,. and to 
be fitted with three 600 HP. Rolls-Royce Condor engines. As 
these engines did not become available, five Eagle YIII' s had 
to be used, which led to a decided drop in air performance. 

Prom every point of view, the boat was the best design 
turned out at Felixstowe. It was found that the normal load 
could be increased to 28,000 lb., under which loading, seaworth- 
iness, ease of taking off and launching were superior to that of 
the previous F-boats. Loading tests were continued up to 33,000 
lb», at which load Colonel Porte took her off in Harwich Harbor. 

liiiiiigg^^ 
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'fixe extyadrdinaxy behavior 'of the hull in rotigh seas was 
due mainly to the huoyancy of the hull and the lines adopted, 
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without loss of buoyancy forward* ^The net result of all thea© 
experiments is that the lines and dimensions (Fig, 25) of a sue- 
cessful flying boat hull for a given displacement have been 
evolved^ It now remains to show how the various features in the 
design contribute toward the fulfillment of the requirements 
laid down above ^ and to indicate where, if at all, these differ 
f rom iPiiiat might be deduced from tank tests. 

The experience gained required several months* work, vrhere- 
as the same results would have been obtained in a few weeks by 
liddel tests* When testing short-bowed models, the cockpit open- 
ings Y/ere deluged with spray to a considerable extent (owing to 
the conditions of friction). The fact that a step is located 
tbo far aft is more easily revealed by a model, which is not 

vealed clearly by the model alone. The tendency to leai), whi^^h 
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English Tank Tests 

|ttilliii^ te,gtS' ■of':;hull0-' and:' ■■floats ;haiV^#}'''b,^'ep?hii|^ife§|^ 

iBiiiHHiillHBil^BMiiliiB^ 

qulrements of practice. We have selected from these a nximber 
of measurements having permanent value. 

The measurement of the Inrpact of a float on water for dif- 
ferent V-toottoms is of special interest.** Among the three 
shapes shown in Fig, 26, 377 A resembles the usual German stand- 
ard, float, 377 B, the float of the American Havy, and 377 0, tfee 
English P-hulls. . The simplification of the shape above water IS 
of no intportance. The models were dropped on the water with in- 
creasing speed. With immersion, the dropping speed decreases to 
zero and the float is then directed upward. The deeply sub- 
merged float rocks slightly about the position of equilibrium 
and then comes to rest. The upward velocity is small, but the 
acceleration and the retardation are considerable. The above 
considerations lead to the following conclusions: 

!• Low alighting speed, or increased size of the hull for 

iliiililililiill^^^ 
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Increase of alighting speed may produce disastrous 




the reaJ portion first oome$ into contact ifith tlie 



w^tedc (i*ig. 28). 



4, The shape 377 B produces, with a few exceptions, the 



smaXlesIs impact. Shape 377 0 is nearly identicai 



with it. 



The lines of the H.4 Tltajiia and the N,4 Atalanta flying- 
boat hulls are shown in Figs. 29-31.* Tank tests were made On- 
ly after the Titania was already under constariiction. It was 
first intended to omit the central portion of the step and leave 
only the lateral portions* Owing to excessive water resistance, 
the step was subsequently extended over the whole width and even 
the lateral portions were enlarged (Fig. 32)* HIDien the step is 
too small, the resistance is typically similar to the case when 
there is no step at all. It does not decrease sufficiently be- 
yond the critical speed. The Titania was found faultless, not- 
withstanding the sharp V-bottom, the resistance is small, owing 
to low loading of the rather large hulls. (For a continuation 

; Technical Memorandum No'* ::AM^, JM§ 

♦Baker, G* Experiments with Models of Flying Boat Hulls, 
and British Advisory Committee for Aeronautics 

Keary, E. M, Reports and Memoranda No* 472, Sept,, 1918. 

Translation by W. L. Koporind^, Paris Office, 
National Advisory Coamlttee for Aeronautics. 
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Fig, 6 
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Fig. 3, Reference numtiGr 3,4 toiis total capacity. In case 
tiJie rosistfinee of floats or nulls in tiieir original fom 
is too high, tho sulDnerged part can be increased and the 
emergent part of the body reduced, thereby referring the 
d&tun to an invariable line. In this case it is assumed 
that the float has been increased to 3.2 metric tons ac- 
cording to Fig. 8 and then reduced to 2.93 tons by re- 
moving a parallel strip of the deck and reducing the 
height. T?ae submerged part remain unchanged, but their 
resistance is roduood by increasing their width. 
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Fig. 18 Lineo of an exparinental hull. Rounded rear portion 
producec unnecessary water cuction and reeistance. 
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Fig. 19 Lines of an experimental hull. Angle between front and 
roar portion too onall. 
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Fig.22 • MxiQQ of a larger experimental hull with too short ^ow. 
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fig>25 Lines of tne Felixstone "fury". Better results nigJii; 

liaTe been olDtaineci with a sharper Y-bottoa how. 
InGlined to leap before reaching take-off speed, mxQ% to very 
large sand effieient bottom, f rimed srft leaped with 
insufficient lift, being subseqigiently orushed. 
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Fig. 36 Lines of the three floats sub^epted to alighting 
irapact tests. :-:.--;V 
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Fig. 28 Alighting impact 

off and alighting angles. 
The nuDbers refer to the 
model. 
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Fig. 28 Lines of the English giant flying "boa-t 11.4 Titania. 

l^ithout nain step f in the center. Also sec Fig. 62. 
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